As for the mass balance, it's quite difficult to separate the lignin residue from the catalyst (as our catalysts were activated carbon (AC) supported catalysts and the lignin residue would get stuck in the porous AC), but we tried our best to calculate the lignin residue through the following method:
we first separated the catalysts (with lignin residue stuck inside) and reaction mixture through filtration after reaction. After drying the catalysts (with lignin residue), we calculated the weight of lignin residue through subtracting the catalysts we added. The amount of lignin oil was calculated through vacuuming down the reaction mixture. As shown in Chart S1, the mass balance was not great for all the lignins because of the operation error or some unforeseen issue existed during the operation process.
Lignin [a] Total oil (mg) Figure S1 . Identification of monomers from lignin and lignin α-OX . Figure S2 . Full FT-IR spectra of BL and BLOs. Figure S2 , all the samples exhibited similar aromatic skeleton (~1500 cm -1 , light orange) as the proof of lignin structure. 1 R-OH (~ 3500 cm -1 , light blue) was also observed in both BLOs and BL as the existence of both aliphatic alcohol and phenolic alcohol. Moreover, R-C ≡ N (~2375 cm -1 , light grey) was detected in all lignin samples, and BLO 3WT showed stronger intensity of R-C ≡ N as the existence of DDQ residue, which agreed with the elemental analysis where BLO 3WT contained 2.83% of N comparing to 0.03%, 1.05% and 1.72% of N in BL, BLO 0.66WT and BLO 1.33WT separately (Table S4) . 
As shown in

